We determined the taxonomic position of 17 strains of bacteria that were previously classified as "Klebsiella-like" strains, corresponding to group K of Gavini et al. [Ann. Microbiol. (Paris) 128B:45-59, 19771. These strains were isolated from sewage, surface waters, drinking waters, and unpolluted soils. Deoxyribonucleic acid (DNA)-DNA hybridizations and a numerical analysis of electrophoretic protein patterns were used in this study. At least 82% of the group K strains investigated formed a tight protein electrophoretic cluster. The DNA homology values for all of the selected group K strains were higher than 73% and indicated the genetic homogeneity of this group. Two strains, CUETM which (BSZOOO) computer at the Centraal Digitaal Rekencentrum, Rijksuniversiteit, Gent, Belgium. The most typical electropherogram of each strain was calculated as described previously (35).
galactosidase tests, grew at 4 and 41"C, utilized histamine as a carbon source, did not ferment melezitose, and did not use m-hydroxybenzoate; indole was produced by 42% of the isolates. Strain CIP 81-36 (= CUETM 78-120) was designated the type strain of this species.
In a numerical taxonomic study, Gavini et al. (15) investigated 122 strains belonging or related to the genus Klebsiella. Two new groups, designated groups K and L, were defined on the basis of phenotypic features. The strains of group K had characteristics of both Klebsiella pneumoniae and Klebsiella oxytoca; the majority of group K strains were isolated from water. In a recent study Izard et al. (18) confirmed that group L is a distinct and genetically homogeneous entity within the genus Klebsiella and classified this group as a new species, Klebsiella terrigena.
The aim of this work was to determine the taxonomic position of group K within the genus Klebsiella by comparing the electropherograms of soluble proteins and the results of deoxyribonucleic acid (DNA)-DNA hybridizations and the genetic relationships of the group K strains to other genera in the Enterobacteriaceae.
MATERIALS AND METHODS
Bacterial strains. The strains used in this investigation are listed in Table 1 . All strains labeled CUETM (Collection de 1'Unitd d'Ecotoxicologie Microbienne, 5%51 Villeneuve d' Ascq, France) were isolates originally studied by by numerical analysis.
Polyacrylamide gel electrophoresis of soluble proteins and numerid analysis of the electropherograms. Cells were grown at 37°C for 16 h on nutrient agar (Oxoid Ltd., London, England) in Roux flasks. Cell-free extracts were prepared by the method of Kersters and De Ley (25) , as modified by Izard et al. (18) . Polyacrylamide gel electrophoresis, densitometry , photography of the stained gels, and normalization of the densitometric tracings were performed by the method of Kersters and De Ley (25). Each protein extract was investigated in at least three different electrophoretic experiments. Each normalized densitometric tracing was converted into a sequence of 120 numbers, representing the optical density (expressed as height in miIIimeters) of each position on the scan. We selected the values from positions 8 to 120 for numerical analysis. Computer-assisted calculations of the Pearson product moment correlation coefficient (r) and clustering by the unweighted average-pair group method were carried out by using the Clustan program (version 1C) of Wishart (38) and a Siemens model 7541 (BSZOOO) computer at the Centraal Digitaal Rekencentrum, Rijksuniversiteit, Gent, Belgium. The most typical electropherogram of each strain was calculated as described previously (35). Se  s u   100  86  86  84  84  84  84  83  80  80  79  78  77  75  75  74  73  71  71  69  68  67  63  61  59  59  59  58   58  58  57  56  54  54  54  51  51  50  86  77  71  41  65 A modification of the method of Marmur (27), as described by Ferragut and Leclerc (ll), was used to prepare both unlabeled and 3H-labeled DNAs. The hybridizations were carried out by the competition method used by De Ley and Tytgat (7), as previously described (12, 13, 22, 23). The mean guanine-pluscytosine contents of the labeled DNAs of strains CUETM 78-120 and CUETM 77-176 (9, 11, 19) were 56.9 moi% (five determinations) and 56.7 mol% (four determinations), respectively, as determined by the thermal denaturation method. The optimal temperatures of renaturation calculated from the equation of De Ley and Tytgat (7) were 57 and 56.9"C for strains CUETM 78-120 and CUETM 77-176, respectively.
RESULTS
Comparison of electropherograms of the soluble proteins. Electropherograms of 44 strains belonging to or related to the genus Klebsiefla were analyzed. The electrophoretic profiles were compared in at least three independent experiments for each strain. The observed reproducibility levels were above r = 0.95 for 40 On strains and between r = 0.93 and 0.95 for the remaining 4 strains. The most typical electropherogram of each strain was used for the matrix of correlation coefficients (Fig. 1) Figure 2 shows typical profiles for each group. A visual comparison of the normalized photographs shows that strains CUETM 78c114 and CUETM 78-121 possessed an intense band in the upper half of the gel column and that strain CUETM 78-123 had two heavy protein bands in the same area. However, the rest of the protein pattern was similar to the patterns for the other group K strains. Repeating the experiments did not change the results. Within group K, strain CUETM 78-120 has the highest value of hierarchical order (35) and therefore is considered the most representative strain of group K on the basis of soluble protein electropherograms (i.e., the electrophoretic centrostrain).
DNA-DNA hybridization. Radioactive DNA from group K electrophoretic centrostrain CUETM 78-120 was hybridized to filter-bound DNAs from 16 isolates belonging to the same group, as well as to DNAs from 113 other organisms belonging to the genus Klebsiella and other genera of the Enterobacteriaceae ( Table   1 ). The DNA homology values within group K were at least 73%. The levels of DNA relatedness between group K strain CUETM 78-120 and K. terrigena (18) (group L) were 50 to 71% (21 strains investigated). The levels of DNA relatedness between the type strain of K. terrigena, strain CUETM 77-116, and 17 strains of group K were 60 to 74% (Table 1 and Fig. 3) Gavini et al. (15) and included strains isolated from sewage, surface waters, drinking waters, and unpolluted soils. This group was considered to be related to K . pneumoniae and K . oxytoca but to be distinct from these species with regard to a number of phenotypic properties (15). Later, DNA-DNA hybridizations (12) showed that two strains of group K were only 49 to 57% related to K . pneumoniae. In the present study we determined the correct taxonomic position of this group within the genus Klebsiella.
All of the group K strains analyzed had DNA homology values higher than 73% when they were compared with electrophoretic centrostrain CUETM 78-120 ( Table 1) . Two strains, CUETM 77-177 and CUETM 78-134, which were formerly classified as group L strains, showed high levels of DNA relatedness with strain CUETM 78-120 (86 and 77%, respectively), indicating that these strains genetically belong in group K. Of the 17 group K strains investigated, 14 exhibited similar protein patterns and formed a tight cluster, as shown in Fig.  1 (Fig.  l ) , although the DNA homology values for these strains were similar to those observed with the other group K strains ( Table 1 and Fig. 3) . Strains CUETM 78-114 and CUETM 78-121 had a very strong band in the upper part of the electropherogram, whereas strain CUETM 78-123 had two bands at the same place. Although quantitative numerical comparisons appeared to remove these three strains from group K (Fig.   1) , visual inspection of their gels indicated qualitative overall similarities with the protein band patterns of the other group K strains (Fig. 2) . In a previous paper on group L ( K . terrigena) (18), we did not determine the level of DNA relatedness of group L strains CUETM 78-127, CUETM 78-154, and CUETM 78-149 to the DNA reference strain of K . terrigena. Our present data on DNA-DNA hybridizations ( Table 1 and Fig. 3) clearly indicate that strains CUETM 78-127 and CUETM 78-154 belong genetically in group L; thus, classification of these strains as K . terrigena is justified. However, strain CUETM 78-149 (= L101) occupies a separate position in Fig. 3 , and its correct taxonomic position remains unknown.
Our bidimensional representation of the DNA homology values (Fig. 3) indicates that the level of genomic relationship between groups K and L (K. terrigena) is higher than that observed between each of these groups and the species K. pneumoniae and K . oxytoca. The protein patterns of the strains examined reflect the genetic differences among the species of the genus Klebsiella ( Fig. 1 and 2) .
A numerical analysis of the phenotypic features (15), protein electropherograms, and the results of DNA-DNA hybridizations permit the separation of group K from K . oxytoca, K. pneumoniae, K . terrigena, and K . mobilis. Table 1 shows that the levels of DNA homology between group K and strains of other species of the genus Klebsiella are 40 to 71% and that the levels of DNA homology between group K and strains belonging to E. gergoviae and E. cloacae are 35 to 51%. The level of DNA relatedness with the other species studied was less than 43%. Our results support the individuality of group K within the genus Klebsiella. The genomic homogeneity of this taxon was confirmed by the high homology values observed (73 to 86%) and by the great similarity of the protein patterns of the group K strains. Therefore, we propose group K as a new species, Klebsiella trevisanii (tre.vi.san'ii, L. adj. after V. Trevisan, who originally named and described the genus Klebsiella) (36).
The isolates of K . trevisanii were phenotypically fairly similar to Klebsiella sp. 2 (group 4) of Naemura et al. (28) . In a recent study Bagley et al. (2) named the latter group Klebsiella planticola. DNA-DNA hybridizations will be necessary to measure the genetic relatedness of these two species.
We suggest that the genus Klebsiella should contain the following eight species: (i) K . pneumoniae (Schroeter 1886) Trevisan 1887 (32, 27) (Table 2) .
Description of KZebsielZu trevisanii sp. nov. The following description is based on 17 strains belonging to group K of Gavini et al. (15) and two strains belonging to group L , all of which belong in this new species, as explained above.
Cell characteristics. Cells are gram negative, nonmotile, 0.3 to 1.5 by 0.6 to 6.0 pm, nonsporeforming, straight, and rod-shaped, resembling the cells of other members of the Enterobacteriaceae.
Colonial characteristics. Colonies on nutrient agar are smooth, more or less dome-shaped, and of varying degrees of stickiness.
Relationship to oxygen. Facultatively anaerobic.
Biochemical and physiological characteristics. D- ribose, salicin, sorbitol, L-sorbose, sucrose, trehalose, and D-xylose. All strains are negative for arginine dihydrolase, deoxyribonuclease, gelatinase (at 20°C), growth at 44.5"C, hydrolysis of chitin, starch, and Tween 80, motility (at 30 and 37"C), ornithine decarboxylase, phenylalanine deaminase, production of H2S, tetrathionate reductase, and fermentation of rneso-erythritol, glycogen, and melezitose. Additional Characteristics are given in Table 3 .
Nutritional characteristics. The following carbon sources are not utilized by 80 to 100% of the strains within 5 days: D- arabinose, D-fucose, inulin, ethanol, methanol, n-propanol, isopropanol, geraniol, 2,3-butyleneglycol, meso-erythritol, dulcitol, ethylene glycol, propylene glycol, propionate, D- Genetic data. The mean guanine-plus-cytosine content of the DNA of the type strain, CIP 81-36, is 56.9 mol%. DNA-DNA hybridization values for the most related species are as follows: K. terrigena, 50 to 71% (20 strains tested); K. oxytoca, 50 to 65% (10 strains tested); K. pneumoniae, 45 to 61% (14 strains tested); and K. rnobilis, 40 to 54% (11 strains tested).
Habitat. Found in unpolluted soils and water (drinking water, surface water, sewage).
Type strain. Gavini K70 = CUETM 78-120 = CIP 81-36. Isolated from drinking water. The characteristics of the type strain are those given above for the species, and the biochemical characteristics are shown in Table 3 .
